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(57)Abstract: 




PROBLEM TO BE SOLVED: To enable patterning once, obtain wiring resistance and beam 


transmission rate applicable to a large 


area liquid crystal display in a conventional film 



thickness, and restrain display faults due to alignment abnormality of liquid crystal by 
sequentially laminating a tin-added indium oxide (ITO) film, high-conductivity metal film, ITO 
film, high-conductivity metal film, and ITO film on a substrate. 

SOLUTION: A transparent conductive film of this invention in which three- layered ITO films 
and two-layered high-conductivity metal film are alternately laminated on a glass substrate 
or the like has a film thickness of about 150nm, wiring resistance of about 20k Q, and beam 
transmission rate in a visible region of 80% or more. When this is a transparent electrode of a 
liquid crystal element, there is less occurrence of liquid crystal alignment abnormality due to 
influence of a step. High-conductivity metal films of second and fourth layers are suitable to 
use of silver from the viewpoint of cost efficiency, corrosion resistance, and conductivity. In 
addition, a total of the film thickness of the second and fourth layers is 10 to 15nm, thereby 
performance required by a 15 inch-class large area liquid crystal display is realized. 
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CLAIMS 



[Claira(s)] 

[Claim l] The transparent electric 
conduction film which comes to carry out 
the laminating of the 1st layer which 
consists of indium oxide which added tin 
on the substrate, the 2nd layer which 
consists of a high conductivity metal 
membrane, the 3rd layer which consists 
of indium oxide which added tin, the 4th 
layer which consists of a high 
conductivity metal membrane, and the 
5th layer which consists of indium oxide 
which added tin one by one. 
[Claim 2] The 2nd which consists of a 
high conductivity metal membrane in a 
claim 1, the transparent electric 
conduction film characterized by the 4th 
layer being Ag. 

[Claim 3] The transparent electric 
conduction film characterized by being in 
the 2nd which consists of a high 
conductivity metal membrane in a claim 
1, and the range whose sum total of the 
thickness of the 4th layer is lOnm or 
15nm. 

[Claim 4] The transparent electric 
conduction film with which thickness of 
the 4th layer which consists of a high 
conductivity metal membrane is 
characterized by being below the 
thickness of the 2nd layer in a claim 3, 
[Claim 5] The transparent electric 
conduction film with which the refractive 



index of the 5th layer which consists of 
indium oxide which added tin in a claim 1 
is characterized by being below the 
refractive index of the 1st layer. 
[Claim 6] The transparent electric 
conduction film with which the thickness 
of the 5th layer which consists of indium 
oxide which added tin in a claim 1 is 
below the thickness of the 1st layer, and 
is characterized by being in the range of 
30nm or 50nm. 

[Claim 7] The liquid crystal device which 
has a transparent electric conduction film 
according to claim 1 to 6. 



DETAILED DESCRIPTION 



[Detailed Description of the Inventionl 
[0001] 

[The technical field to which invention 
belongs] The light transmission of this 
invention in a visible light wave length 
field is good, and electric resistance (only 
henceforth "resistance") is related with 
the transparent electric conduction film 
which can be small used as a high current 
electrode, and the liquid crystal device 
using it. 
[0002] 

[Description of the Prior Art] a 
transparent electric conduction film - a 
tin addition indium oxide film 
(henceforth an ITO film), and ZnO and 
Sn()2 etc. although it is - the inside of 
it - an ITO film - conductivity the 
display of various kinds I light 
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transmission / in a visible light wave 
length field / former / eye a good hatchet 
and ] moreover and the transparent 
electrode of a solar battery, thermal reflex 
glass, antifog, waterproofing, antistatic 
glass, and electromagnetism it is used 
for seal glass etc. 
[0003] For example, while large 
areaization progresses increasingly in 
the liquid crystal display for a display in 
recent years, improvement in display 
density is achieved and the low 
transparent electric conduction film of a 
high light transmission and wiring 
resistance has come to be required. And 
since inter-electrode distance influences 
contrast greatly, as for the thickness of a 
transparent electric conduction film, 
150nm or less is called for in general, 
thus •- the liquid crystal display for a 
display - the improvement in display 
quality, and the improvement in 
productivity sake ** a thin film *- and - 
low •- a transparent electric conduction 
film [ **** ] has come to be called for 
[0004] low -■ Sn, aluminum, etc. are 
added to In 203, ZnO, etc., or the attempt 
which adds F etc. as creation technology 
of a transparent electric conduction film 
[ **** ] is made from the former 
Generally such a transparent electric 
conduction film is formed using the 
sputtering method, a vacuum deposition, 
the ion plating method, etc. the inside of 
it ~ In2 03 Sn02 and ZnOaluminum 
203 etc. - many sputtering methods 



using the target or the sintering pellet 
are used 

[0005] in order to heighten the donor 
effect of an addition component and to 
realize low resistivity, it is necessary to 
raise crystallization and the method of 
generally making the degree of basis 
board temperature under membrane 
formation the elevated temperature of 
200 degrees C - 300 degrees C is taken 
However, it is necessary to form a 
transparent electric conduction film on 
an organic light filter, and the present 
condition is that the low-temperature 
membrane formation of 200 degrees C or 
less in membrane formation temperature 
cannot adopt low resistance-ization by 
asking and elevated-temperature-izing 
substrate temperature in the liquid 
crystal display of the color STN method 
which attracts attention recently. 
[0006] in order to solve these problems, 
JP,6-68713,A sees - as - low - how to 
form high conductivity metals, such as 
Au, Ag, and Cu, in a super-thin film as a 
transparent electric conduction film 
[ **** ] is considered 
[0007] 

[Problem(s) to be Solved by the 
Invention] Although the transparent 
electric conduction film used today did 
not become the problem that the wiring 
resistance was big, to the liquid crystal 
display of a 10 inch class, since wiring 
resistance became large in the large area 
liquid crystal display of a 15 inch class, it 
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increased thickness, such as ITO, and 
tended to solve this problem. However, 
while thickness increases, since specific 
resistance increases in monotone, it is 
difficult to use it as an electrode for high 
currents. Moreover, if thickness exceeds 
about 300nm in the transparent electrode 
for liquid crystal displays, under the 
influence of the level difference, it will be 
easy to cause abnormalities in the 
orientation state of liquid crystal, and 
will become the cause of a display defect. 
Therefore, the transparent electrode 
which can pass a high current by the thin 
film (about 150nm) as much as possible 
was called for. 

10008] Moreover, although the technique 
of forming a metal film in the part on an 
ITO film was taken in order to lower 
wiring resistance conventionally, 
patterning was performed after 
membrane formation of an ITO film in 
this case, and 2 times of the patterning 
processes of membrane formation and 
patterning of a metal film were needed 
for after an appropriate time, and while 
the man day increased, it had become 
cost quantity very much. 
[0009] Moreover, although to form high 
conductivity metals, such as Au, Ag, and 
Cu, in a super-thin film was also tried, 
since transparency was upwards inferior 
and weatherability was remarkably 
inferior alone, it is [ a fault that 
reliability is missing over a long period of 
time ] and was not practical [ these high 



conductivity metal membranes ]. 
Therefore, although the method of 
forming and protecting an ITO film to the 
upper and lower sides of these high 
conductivity metals was also devised, it 
was difficult to realize the transparent 
electric conduction film with which are 
satisfied of the light transmission in the 
visible region demanded in the large area 
liquid crystal display of a 15 inch class, 
and the both sides of wiring resistance. 
[0010] It is to offer the liquid crystal 
device in which large-area-izing is 
possible, the purpose of this invention 
suppressing the transparent electric 
conduction film which can be processed 
by one patterning, and the display defect 
depended still more unusually [ the 
orientation of liquid crystal ] while it 
cancels the fault of this conventional 
transparent electric conduction film and 
has a light transmission and wiring 
resistance applicable also to a large area 
liquid crystal display by ordinary 
thickness conventionally. 
[0011] 

[Means for Solving the Problem] The 
composition of this invention 
accomplished that the above-mentioned 
purpose should be attained is as follows. 
[0012] That is, the 1st of this invention is 
in the transparent electric conduction 
film which comes to carry out the 
laminating of the 1st layer which consists 
of indium oxide which added tin on the 
substrate, the 2nd layer which consists of 
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a high conductivity metal membrane, the 
3rd layer which consists of indium oxide 
which added tin, the 4th layer which 
consists of a high conductivity metal 
membrane, and the 5th layer which 
consists of indium oxide which added tin 
one by one. 

10013] Moreover, the 2nd of this invention 
is in the liquid crystal device which has 
the transparent electric conduction film 
of the above-mentioned this invention 1st. 
[0014] according to the transparent 
electric conduction film of this invention 
-- about 150nm thickness -- wiring 
resistance - about twenty - the 
transparent electric conduction film with 
which low resistance wiring which is 
about kohms is enabled, and the light 
transmission in the range of 400nm - 
700nm wavelength has 80% or more of 
high transparency is realized And if this 
transparent electric conduction film is 
applied to the transparent electrode of a 
liquid crystal device, since it has the light 
transmission and wiring resistance which 
can be equal also to large area-ization of a 
liquid crystal device, without 
abnormalities occurring in the 
orientation state of liquid crystal under 
the influence of the level difference, the 
outstanding large area liquid crystal 
display without a display defect is 
realizable. 
[0015] 

[Embodiments of the Invention] In this 
invention, as a high conductivity metal 



membrane material which constitutes 
the 2nd and the 4th layer, Au, Ag, Cu, etc, 
can be used and cost, corrosion resistance, 
and Ag that is excellent in respect of 
conductivity are desirable. 
[0016] Moreover, as for the thickness of 
the 2nd and the 4th layer which consist of 
the above-mentioned quantity 
conductivity metal membrane, it is 
desirable that it is in the range those sum 
totals of whose are lOnm or 15nm. It is 
difficult to realize wiring resistance (in 
general 30 K or less ohms) required as 
the sum total of this thickness being less 
than lOnm in the large area liquid crystal 
display of a 15 inch class. It is difficult to, 
realize the light transmission (for it to be 
80% or more in general at the range of 
400nm - 700nm wavelength) of the visible 
region demanded in the large area liquid 
crystal display of a 15 inch class on the 
other hand, if the sum total of this 
thickness exceeds 15nm. 
[0017] Moreover, in order to carry out the 
distribution of the light transmission in 
the range of 400nm - 700nm wavelength 
to a desirable flat distribution, as for the 
thickness of the 4th layer which consists 
of the above-mentioned quantity 
conductivity metal membrane, it is 
desirable to carry out to below the 
thickness of the 2nd layer. 
[0018] Moreover, as for the refractive 
index of the 5th layer which consists of 
indium oxide which added tin, it is 
desirable that it is below the refractive 
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index of the 1st layer. The manufacture 
margin from which the light transmission 
of the visible region demanded in the 
large area liquid crystal display of a 15 
inch class is obtained by this becomes 
large. If it is below the thickness of the 
1st layer and the thickness of the 5th 
layer is specifically set in general as the 
range of 30nm or 50nm when the 
refractive index of the 5th layer is set 
below to the refractive index of the 1st 
layer, the above-mentioned light 
transmission is realizable. 
[0019] Next, the example of the 
manufacture process of the transparent 
electric conduction film of this invention 
is explained. 

[0020] In 203 which washed the glass 
substrate using pure water and the 
ultrasonic wave first, and added Sn as 
the 1st layer using the well-known 
membrane formation methods, such as 
the membrane formation means of 
common use, for example, the sputtering 
method, the ion plating method, and CVD, 
It forms so that it may become the 
thickness of a request of a film (ITO film). 
The 2nd layer uses Ag as a target, it 
forms by the sputtering method, and the 
ITO film of the 3rd layer is formed by the 
same method as forming the ITO film of 
the 1st layer. Layer [ 4th ] Ag layer can be 
formed by the same method as layer 
[ 2nd ] Ag layer. The ITO film of the 5th 
layer can be formed by the same method 
as forming the ITO film of the 1st layer. 



[0021] The thickness of each class can be 
controlled by changing the power to 
supply and membrane formation time. In 
the case of an ITO film, about a refractive 
index, it is possible by controlling oxygen 
tension or substrate heating temperature, 
and, in the case of Ag, a film with the 
refractive index near the value of bulk is 
formed in atmosphere in which impure 
gas is not made to mix as much as 
possible. 

10022] Although it is possible to use a 
sputtering system or a CVD system 
general -purpose as membrane formation 
equipment, generally a sputtering system 
is used. As an equipment performance, 
ultimate vacuum can use the membrane 
formation equipment which has the 
degree of vacuum which is about two to 
5x10 - 5Pa. 
[0023] 

[Example] Hereafter, the example of this 
invention is explained in detail. 
[0024] (Example l) In this example, the 
five-layer laminating type transparent 
electric conduction film was formed on 
the glass substrate. Drawi ng 1 is the ** 
type view of this transparent electric 
conduction film, and, for the 1st layer and 
2, as for the 3rd layer and 4, the 2nd layer 
and 3 are [ 0 / a glass substrate and 1 / 
the 4th layer and 5 ] the 3rd layer. 
[0025] Pure water washes a 
450mmx550mm glass substrate, first, 
after an appropriate time An ITO film is 
formed as the 1st layer by the refractive 
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index 1.9, 50nm of thickness, and each 
thickness that shows Ag in Table 1 as the 
2nd layer. The ITO film was formed for 
Ag by each thickness shown in Table 1 as 
a refractive index 1.9, 50nm of thickness, 
and the 4th layer as the 3rd layer, 
membranes were formed one by one and 
the transparent electric conduction film 
was formed so that it might become a 
refractive index 1.9 and 50nm of 
thickness about an ITO film as the 5th 
layer at the last. The membrane 
formation conditions of each class are as 
follows. 
[0026] 

[The ITO film of the 1st layer, the 3rd 

layer, and the 5th layer] 

Ultimate vacuum 5x10 to 5 Pa Types of 

gas : Ar=300sccm, 02 =1.3sccm Gas 

pressure : 0.6Pa Injection power : 2.0 

W/cm2 [Ag of the 2nd layer and the 4th 

layer] 

Ultimate vacuum • 5x10 to 5 Pa Types of 
gas • Ar=210sccm Gas pressure • 0.9Pa 
Injection power : 0.5 - 1.2 W/cm2 It 
doubles with each thickness in the range, 
and is adjustment 10027]. In this example, 
Ag of the 2nd layer and the 4th layer was 
set as the same thickness, and five kinds 
of transparent electric conduction films 
such total thickness of whose is 30nm, 
25nm, 20nm, 15nm, and lOnm were 
formed. Patterning of five kinds of these 
transparent electric conduction films was 
carried out to the circuit pattern with a 
wiring length of about 250mm by wiring 



width of face of 10 micrometers, and the 
sample of the panel for liquid crystal of a 
15 inch class was created. 
[0028] The refractive index of the five 
above-mentioned kinds of samples was 
measured by the ellipsomter, and 
resistance was measured with the 
commercial resistance circuit tester. 
Consequently, although sufficient light 
transmission (permeability in the range 
of 400nm • 700nm wavelength) is not 
obtained if the thickness which Ag of the 
2nd layer and the 4th layer totaled is in a 
thing 20nm or more as shown in Table 1 
If the thickness which Ag of the 2nd layer 
and the 4th layer totaled was in some 
which are lOnm • 15nm, as for 
permeability, wiring resistance was also 
able to form the transparent electric 
conduction film of a practical use region 
mostly about 80%. In addition, if the 
thickness which Ag of the 2nd layer and 
the 4th layer totaled becomes thinner 
than lOnm, wiring resistance will become 
large too much, 
[0029] 
[Table l] 
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[0030] Pure water washes a 
450mmx550mm glass substrate like an 
example 1. (Example 2) After an 
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appropriate time, an ITO film as the 1st 
layer A refractive index 1.9, 50nm of 
thickness, As the 2nd layer, Ag is formed 
by each thickness shown in Table 2, as 
the total thickness with Ag of the 5th 
layer is set to 15nm. An ITO film is 
formed as a refractive index 1.9, 50nm of 
thickness, and the 4th layer as the 3rd 
layer by each thickness shown in Table 2 
as the total thickness with Ag of the 2nd 
layer is set to 15nm in Ag. Membranes 
were formed one by one and the 
transparent electric conduction film was 
formed so that it might become the last 
with a refractive index 1.9 and 50nm of 
thickness about an ITO film as the 5th 
layer. The membrane formation 
conditions of each class are as follows. 
[0031] 

[The ITO film of the 1st layer, the 3rd 

layer, and the 5th layer] 

Ultimate vacuum * 5x10 to 5 Pa Types of 

gas : Ar=300sccm, 02 =1.3sccm Gas 

pressure • 0.6Pa Injection power : 2.0 

W/cm2 [Ag of the 2nd layer and the 4th 

layer] 

Ultimate vacuum : 5x10 to 5 Pa Types of 
gas : Ar=210sccm Gas pressure : 0.9Pa 
Injection power : 0.5 - 1.2 W/cm2 It 
doubles with each thickness in the range, 
and is adjustment [0032], At this example, 
the thickness which Ag of the 2nd layer 
and the 4th layer totaled was set as 15nm, 
and five kinds of transparent electric 
conduction films were formed in the 
combination from which such thickness 



differs. Patterning of five kinds of these 
transparent electric conduction films was 
carried out to the circuit pattern with a 
wiring length of about 250mm by wiring 
width of face of 10 micrometers, and the 
sample of the panel for liquid crystal of a 
15 inch class was created. 
[0033] The refractive index of the five 
above-mentioned kinds of samples was 
measured by the ellipsomter, and 
resistance was measured with the 
commercial resistance circuit tester. 
Consequently, if Ag of the 4th layer was 
in the thing smaller than the thickness of 
Ag of the 2nd layer as shown in Table 2, it 
turns out that a desirable distribution 
[ almost flat light transmission / in the 
range of 400nm - 700nm wavelength ] is 
shown. Moreover, when the thickness of 
Ag of the 4th layer and Ag of the 2nd 
layer is equal, permeability is the highest 
and Ag of the 4th layer becomes large 
rather than the thickness of Ag of the 2nd 
layer, there is an inclination for 
permeability to fall. As for the thickness 
of Ag of the above thing to the 4th layer, it 
is desirable to set below to the thickness 
of Ag of the 2nd layer. 
[0034] 
[Table 2] 
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[0035] Pure water washes a 
450mmx550mm glass substrate like an 
example 1. (Example 3) After an 
appropriate time, an ITO film as the 1st 
layer A refractive index 1.9, 50nm of 
thickness, Ag is formed by lOnm of 
thickness as the 2nd layer, an ITO film as 
the 3rd layer A refractive index 1.9, 50nm 
of thickness, As Ag is formed by 5nra of 
thickness as the 4th layer and it is shown 
in Table 3 as the 5th layer, the refractive 
index of an ITO film at the end The range 
of 1.9 to 1.7, From 50nm of thickness, it is 
the range of lOnm (if it is in some which 
set the refractive index to 1.7, it is 20nm 
from 60nm of thickness), membranes 
were formed one by one, and the 
transparent electric conduction film was 
formed. The membrane formation 
conditions of each class are as follows. 
[0036] 

[The ITO film of the 1st layer and the 3rd 
layer] 

Ultimate vacuum : 5x10 to 5 Pa Types of 
gas : Ar=300sccm, 02 =1.3sccm Gas 
pressure : 0.6Pa Injection power : 2.0 
W/cm2 [Ag of the 2nd layer and the 4th 
layer] 

Ultimate vacuum : 5x10 to 5 Pa Types of 
gas : Ar=210sccm Gas pressure : 0.9Pa 
Injection power : 0.5 - 1.2 W/cm2 
According to each thickness, it adjusts in 
the range. [ITO film of the 5th layer] 
Ultimate vacuum : 5x10 to 5 Pa Types of 
gas : Ar=300sccm, 02 =0.8 - 4.0sccm Gas 
pressure : 0.6Pa Injection power * 0.5 - 2.0 



W/cm2 It doubles with each thickness in 
the range, and is adjustment [0037]. In 
this example, the refractive index of the 
ITO film of the 5th layer was set as three 
kinds, thickness was set as five kinds, 
respectively, and a total of 15 kinds of 
transparent electric conduction films 
were formed. Patterning of 15 kinds of 
these transparent electric conduction 
films was carried out to the circuit 
pattern with a wiring length of about 
250mm by wiring width of face of 10 
micrometers, and the sample of the panel 
for liquid crystal of a 15 inch class was 
created. 

[0038] The refractive index of the 15 
above-mentioned kinds of samples was 
measured by the ellipsomter, and 
resistance was measured with the 
commercial resistance circuit tester. 
Consequently, the transparent electric 
conduction film with which wiring 
resistance enables low resistance wiring 
not more than 25kohm in this example 
which set the refractive index of the 5th 
layer below to the refractive index of the 
1st layer by the about 150nm thickness 
demanded by the large area liquid crystal 
display as shown in Table 3, and the light 
transmission in the range of 400nm - 
700nm wavelength has 80% or more of 
high transparency was realized. If it was 
in some which set the refractive index of 
the ITO film of the 5th layer as 1.7 
especially, the range with which are 
satisfied of the above-mentioned demand 
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was wide, and when it is below the 
thickness of the 1st layer and the 
thickness of the 5th layer was specifically 
set in general as the range of 30nm or 
50nm, it turns out that wiring of the 
practical use range is realizable. 
[0039] 
[Table 31 
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[00401 Pure water washes a 
450mmx550mm glass substrate like an 
example 1. (Example 4) As shown in 
Table 4 as the 1st layer, after an 
appropriate time, the refractive index of 
an ITO film The range of 1.9 to 1.7, Form 
thickness in 50 to 10nm, and Ag is formed 
by lOnm of thickness as the 2nd layer. Ag 
was formed for the ITO film by 5nm of 
thickness as a refractive index 1.9, 50nm 
of thickness, and the 4th layer as the 3rd 
layer, membranes were formed one by 
one and the transparent electric 
conduction film was formed so that it 
might become a refractive index 1.9 and 
50nm of thickness about an ITO film as a 



layer [ 5th ] layer at the last. The 
membrane formation conditions of each 
class are as follows. 
[0041] 

[The ITO film of the 1st layer] 
Ultimate vacuum : 5x10 to 5 Pa Types of 
gas : Ar=300sccm, 02 =0.8 - 4.0sccm Gas 
pressure : 0.6Pa Injection power 0.5 - 2.0 
W/cm2 According to each thickness, it 
adjusts in the range. [Ag of the 2nd layer 
and the 4th layer] 

Ultimate vacuum : 5x10 to 5 Pa Types of 
gas : Ar=2l0sccm Gas pressure : 0.9Pa 
Injection power : 0.5 - 1.2 W/cm2 
According to each thickness, it adjusts in 
the range. [ITO film of the 3rd layer and 
the 5th layer] 

Ultimate vacuum : 5x10 to 5 Pa Types of 
gas : Ar=300sccm, 02 =1.3sccm Gas 
pressure • 0.6Pa Injection power '• 2.0 
W/cm2 [0042] In this example, the 
refractive index of the ITO film of the 1st 
layer was set as three kinds, thickness 
was set as five kinds, respectively, and a 
total of 15 kinds of transparent electric 
conduction films were formed. Patterning 
of 15 kinds of these transparent electric 
conduction films was carried out to the 
circuit pattern with a wiring length of 
about 250mm by wiring width of face of 
10 micrometers, and the sample of the 
panel for liquid crystal of a 15 inch class 
was created. 

[0043] The refractive index of the 15 
above-mentioned kinds of samples was 
measured by the ellipsomter, and 
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resistance was measured with the 
commercial resistance circuit tester. 
Consequently, in this example which set 
the refractive index of the 1st layer below 
to the refractive index of the 5th layer 
conversely [ an example 3 ], even if it 
changed the thickness of the 1st layer 
from 50nm in lOnm, both sides were not 
able to make a light transmission 80% or 
more simultaneously in the range with a 
wavelength of 400nm - 700nm. It was 
proved that setting the refractive index of 
the 5th layer below to the refractive index 
of the 1st layer like an example 3 also 
from this had a big meaning. 
[0044] 
[Table 4] 
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[0045] (Example 1 of comparison) In this 
example, the three-layer laminating type 
transparent electric conduction film was 
formed on the glass substrate. Drawing 2 
is the ** type view of this transparent 
electric conduction film, and, for 10, as for 
the 1st layer and 12, a glass substrate 



and 11 are I the 2nd layer and 13 ] the 
3rd layer. 

[0046] First, as the 3rd layer, pure water 
washed the 450mmx550mm glass 
substrate, and it formed by each 
thickness which shows after an 
ax>propriate time as the 1st layer, and 
shows Ag for an ITO film in Table 5 as a 
refractive index 1.9, 60nm of thickness, 
and the 2nd layer, and the ITO film was 
formed one by one so that it might 
become a refractive index 1.9 and 60nm 
of thickness, and the transparent electric 
conduction film was formed. The 
membrane formation conditions of each 
class are as follows. 
[0047] 

[The ITO film of the 1st layer and the 3rd 
layer] 

Ultimate vacuum : 5x10 to 5 Pa Types of 
gas : Ar=300sccm, 02 =1.3sccm Gas 
pressure • 0.6Pa Injection power : 2.0 
W/cm2 [Ag of the 2nd layer] 
Ultimate vacuum '• 5x10 to 5 Pa Types of 
gas : Ar=210sccm Gas pressure • 0.9Pa 
Injection power : 0.5 - 1.2 W/cm2 It 
doubles with each thickness in the range, 
and is adjustment [0048]. In this example 
of comparison, the thickness of Ag of the 
2nd layer formed five kinds of 
transparent electric conduction films 
which are 30nm, 25nm, 20nm, 15nm, and 
lOnm. Patterning of five kinds of these 
transparent electric conduction films was 
carried out to the circuit pattern with a 
wiring length of about 250mm by wiring 
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width offace of 10 micrometers, and the 
sample of the panel for liquid crystal of a 
15 inch class was created. 
[0049] The refractive index of the five 
above-mentioned kinds of samples was 
measured by the ellipsomter, and 
resistance was measured with the 
commercial resistance circuit tester. 
Consequently, although this example of 
comparison had the total thin thickness 
of ITO as compared with the thing of the 
example 1 with the total equal thickness 
of Ag and the light transmission with a 
wavelength of 700nm was equivalent, the 
light transmission with a wavelength of 
400nm was extremely inferior. It was 
proved that there was a big meaning in 
making a transparent electric conduction 
film into 5 lamination like this invention 
from this. 
[0050] 
[Table 5] 
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[0051] Pure water washes a 



450mmx550mm glass substrate like the 
example 1 of comparison. (Example 2 of 
comparison) It forms in 8 or 1.7 cases 
[ three ]. after an appropriate time - as 
the 1st layer - an ITO film thickness ■ 
60nm a refractive index - 3.9 and 1. - 
The thickness of Ag was formed in two 



cases, lOnm and 20nm, as the 2nd layer, 
finally thickness formed the ITO film by 
60nm as the 3rd layer with the refractive 
index as the ITO film of the 1st layer with 
the same refractive index, and the 
transparent electric conduction film of 
the three tiered structure which formed 
these one by one was formed. The 
membrane formation conditions of each 
class are as follows. 
[0052] 

[The ITO film of the 1st layer and the 3rd 
layer] 

Ultimate vacuum : 5x10 to 5 Pa Types of 
gas : Ar=300sccm, 02 =0.8 - 4.0sccm Gas 
pressure : 0.6Pa Injection power • 2.0 
W/cm2 [Ag of the 2nd layer] 
Ultimate vacuum : 5x10 to 5 Pa Types of 
gas • Ar=210sccm Gas pressure • 0.9Pa 
Injection power : 0.5 - 1.2 W/cm2 It 
doubles with each thickness in the range, 
and is adjustment [0053]. In this example, 
a total of six kinds of transparent electric 
conduction films with which the 
refractive index of an ITO film differs 
from the thickness of Ag as shown in 
Table 6 were formed. Patterning of six 
kinds of these transparent electric 
conduction films was carried out to the 
circuit pattern with a wiring length of 
about 250mm by wiring width offace of 
10 micrometers, and the sample of the 
panel for liquid crystal of a 15 inch class 
was created. 

[0054] The refractive index of the six 
above-mentioned kinds of samples was 
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measured by the cllipsomter, and 
resistance was measured with the 
commercial resistance circuit tester. 
Consequently as shown in Table 6, when 
Ag of the 2nd layer is 20nm, permeability 
is low and practical use is impossible. 
Although thickness restricted [ the 
refractive index of ITO of the 1st layer 
and the 3rd layer ] to 50nm in the time of 
Ag of the 2nd layer being 15nm 1.9, each 
light transmission is f wavelength } over 
78% in 400 to 700nm and it is a little 
possible, a manufacture margin is not 
narrowly practical very much. Thus, from 
the wavelength of 400nm, in 700nm, each 
light transmission was understood are 
very difficult by the transparent electric 
conduction film of 3 lamination, in order 
to exceed 80%. 
[0055] 
[Table 6] 
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[0056] Pure water washes a 



450mmx550mm glass substrate like the 
example 1 of comparison. (Example 3 of 
comparison) As a layer which is the 1st 
after an appropriate time, form thickness 
by 50nm and a refractive index forms an 
ITO film in two cases, 1.9 and 1.7. The 
thickness of Ag was formed by 15nm as 



the 2nd layer, finally the ITO film was 
formed in the case of 2 of refractive 
indexes 1.9 and 1.7, thickness was formed 
in 80 to 40nm various cases as the 3rd 
layer, and the transparent electric 
conduction film of the three-tiered 
structure which formed these one by one 
was formed. The membrane formation 
conditions of each class are as follows. 
[0057] 

[The ITO film of the 1st layer] 
Ultimate vacuum : 5x10 to 5 Pa Types of 
gas : Ar=300sccm, 02 =0.8 - 4.0sccm Gas 
pressure • 0.6Pa Injection power • 1.0 • 2.0 
W/cm2 According to each thickness, it 
adjusts in the range. [Ag of the 2nd layer] 
Ultimate vacuum : 5x10 to 5 Pa Types of 
gas : Ar=210sccm Gas pressure : 0.9Pa 
Injection power : 1.0 W/cm2 (ITO film of 
the 3rd layer] 

Ultimate vacuum : 5x10 to 5 Pa Types of 
gas : Ar=300sccm, 02 =0.8 - 4.0sccm Gas 
pressure ' 0.6Pa Injection power : 0.5 - 2.0 
W/cm2 It doubles with each thickness in 
the range, and is adjustment [0058] . In 
this example, as shown in Table 7, a total 
of 12 kinds of transparent electric 
conduction films were formed. Patterning 
of 12 kinds of these transparent electric 
conduction films was carried out to the 
circuit pattern with a wiring length of 
about 250mm by wiring width of face of 
10 micrometers, and the sample of the 
panel for liquid crystal of a 15 inch class 
was created. 

[0059] The refractive index of the 12 
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above-mentioned kinds of samples was 
measured by the ellipsomter, and 
resistance was measured with the 
commercial resistance circuit tester. 
Consequently, the transparent electric 
conduction film with which are satisfied 
of both the light transmission as which 
neither of the cases can make a light 
transmission 80% or more on the 
wavelength of 400nm simultaneously by 
700nm, but is required by the large area 
liquid crystal display of a 15 inch class as 
shown in Table 7, and wiring resistance is 
not obtained. 
[0060] 
[Table 7] 
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[0061] 

[Effect of the Invention] according to the 
transparent electric conduction film of 
this invention - about 150nm thickness - 
wiring resistance - about twenty - the 
transparent electric conduction film with 
which low resistance wiring which is 
kohms is enabled, and the light 
transmission in the range of 400nm - 
700nm wavelength has 80% or more of 



high transparency is realized Moreover, 
the transparent electric conduction film 
of 5 lamination of this invention can also 
form a circuit pattern by one patterning. 
Therefore, if the transparent electric 
conduction film of this invention is 
applied to the transparent electrode of a 
liquid crystal device, since the patterning 
process of wiring can be cut down without 
abnormalities occurring in the 
orientation state of liquid crystal under 
the influence of the level difference, the 
outstanding large area liquid crystal 
display without a display defect is 
realizable by the low cost. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 
[Drawing l] It is the ** type view 
showing the transparent electric 
conduction film of 6 lamination 
concerning the example of this invention. 
[Drawing 2l It is the ** type view 
showing the transparent electric 
conduction film of 3 lamination 
concerning the example of comparison. 
[Description of Notations] 
0 Glass Substrate 
1 ITO Film of 1st Layer 

2 Ag Film of 2nd Layer 

3 ITO Film of 3rd Layer 

4 Ag Film of 4th Layer 

5 ITO Film of 5th Layer 

10 Glass Substrate 

11 ITO Film of 1st Layer 
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12 Ag Film of 2nd Layer 
13IT0Film of 3rd Layer 
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